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® Polyimide composite material and process for producing the same. 

© Disclosed herein is a polyimide composite material which comprises a polyimide-containing resin and a 
layered clay mineral which is intercalated with organic onium ions and dispersed in the polyimide. Owing to the 
intercalated clay mineral, the composite material has improved gas and water vapor barrier properties and a 
small thermal expansion coefficient. Disclosed also herein is a process for producing a polyimide composite 
material which comprises the steps of intercalating a layered clay mineral with organic onium ions, adding by 
mixing the intercalated clay mineral to a solution of a monomer or prepolymer for polyimide, removing the 
solvent, and forming a polyimide. This process makes the layered clay mineral miscible with and dispersible in 
polyimide. 
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BACKGROUND OF THE INVENTION 
Field of the Invention: 

5 The present invention relates to a polyimide composite material and a process for producing the same, 

and more particularly, it is concerned with a polyimide composite material which is composed of a 
polyimide-containing resin (hereinafter referred to as a polyimide resin) and a layered clay mineral 
dispersed therein and has improved water and gas barrier properties, and also with a process for producing 
the same. 

w 

Description of the Related Art: 

Polyimide is suitable for use as film, flexible printed circuit board, motor insulator, wire covering, etc. on 
account of its outstanding thermal properties, mechanical properties, electrical insulating properties, and 
75 chemical resistance. However, it poses a problem associated with practical use because of its poor gas 
(and water vapor) barrier properties and high coefficient of thermal expansion. 

This problem has been addressed by introducing a fluorinated monomer into the molecule (as 
disclosed in Japanese Patent Laid-open Nos. 60933/1990 and 60934/1990) or by incorporating an inorganic 
substance (as such) into polyimide. To address a. similar problem involved in polyamide resins, there has 
20 been proposed a composite material composed of a polyamide resin and a layered clay mineral dispersed 
therein which has previously been intercalated with an organic compound (U.S.P. 4,739,007). 

The approach to solution by the aid of fluorinated monomer is not of practical value because of its high 
price. The mere incorporation of an inorganic substance (as such) into a polyimide resin ends up with 
incomplete dispersion due to their poor affinity, without achieving the improvement in gas barrier properties 
25 as intended, and a film formed of such composite material will lack the surface smoothness. 

The technology of the polyamide composite material mentioned above cannot be applied to polyimide 
because of their difference in affinity for solvents. In other words, polyimide is produced by polymerization 
in a special solvent (i.e., aprotic polar solvent), and a clay mineral intercalated with organic compound 
usually has a weak affinity for such a special solvent. For this reason, a clay mineral does not disperse well 
30 in a polyimide. 

There are disclosed in U.S. Patent No. 4,775,586 composites and construction materials which are 
composed of a polyimide and a flocculant of intercalated clay formed by the reaction of a layered clay 
mineral with organic dionium ions. This patented invention is intended for flocculation rather than dispersion 
of intercalated clay into a polyimide resin. Therefore, this polyimide composite material does not have good 
35 gas and water barrier properties. 

SUMMARY OF THE INVENTION 

The gist of the present invention resides in a polyimide composite material which comprises a 
40 polyimide-containing resin (referred to as a polyimide resin) and a layered clay mineral intercalated with 
organic onium ions and dispersed in the polyimide. As a layered clay mineral is intercalated with organic 
onium ions, it has an affinity for the polyimide. The gist of the present invention resides also in a process 
for producing a polyimide composite material which comprises the steps of intercalating a layered clay 
mineral with organic onium ions, adding by mixing the intercalated product to a solution of a monomer or 
45 prepolymer for polyimide, removing the solvent, and forming a polyimide. 

Other and further objects, features, and advantages of the present invention will appear more fully from 
the following description. 

DETAILED DESCRIPTION OF THE INVENTION 

50 

The present invention is embodied in a polyimide composite material which comprises a polyimide 
resin and a layered clay mineral dispersed therein which is intercalated with organic onium ions. 

The polyimide composite material has good gas and water vapor barrier properties because it contains 
the layered clay mineral dispersed therein which physically prevents the diffusion of oxygen and water in 
55 the composite material. Therefore, it is suitable for use as a raw material for electrical insulation and printed 
circuit boards. It protects metal parts from oxidation and electrolytic corrosion by permeating oxygen and 
water vapor. 

The polyimide composite material retains the polyimide's inherent properties-heat stability, mechanical 
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strength, and chemical resistance, despite the layered clay mineral it contains. As a whole, it is superior to 
a polyimide resin used alone. 

The polyimide composite material gives rise to a molded product having a good dimensional stability 
owing to the layered clay mineral which represses thermal expansion. It also gives rise to a film having a 
5 smooth surface owing to the layered clay mineral which is uniformly dispersed. 

A polyimide-containing resin referred to as "polyimide resin" in the present invention includes all 
polyimide resins known and blends of a polyimide resin with other resins. 

"Organic onium ions" as used in the present invention denotes organic compounds having an onium 
ion at one terminal of the main chain. Examples of the onium ion include monoammonium ion, mon- 

w opyridinium ion, monophosphonium ion, and monosulfonium ion. The main chain may be a straight or 
branched carbon chain; it may have a ring structure in part thereof. The other terminal of the main chain 
may have a hydrogen atom or a group (or a derivative thereof) such as hydroxyl group, amino group, 
carboxyl group, nitro group, and sulfone group. The main chain should preferably have 6 or more carbon 
atoms so that the organic onium ion expands the interlayer distance of the clay to such an extent that the 

75 layered clay mineral is sufficiently dispersed. However, the main chain should preferably have less than 20 
carbon atoms so that the organic onium ion has a good affinity for protic polar solvents (e.g., water) and 
aprotic polar solvents. Preferred examples of the organic onium ion are alkylammonium ions such as 
laurylamine ion, myristylamine ion, palmitylamine ion, and stearylamine ion. 

"Layered clay mineral" as used in the present invention includes smectite clay minerals (such as 

20 montmorillonite, saponite, beidellite, hectorite, and stevensite), vermiculite, halloysite, and swellable mica. 
(Swellable mica collected by decantation is readily dispersible in water, and it lends itself to a good 
polyimide composite material even at as low a content as 0.01 wt%.) The layered clay mineral should 
preferably have a cation exchange capacity (CEC) of 50-300 meq/100 g and also have a large contact area 
for the polyimide or monomer to which it is added. With a CEC greater than 300 meq/100 g, the layered 

25 clay mineral has such a strong layer bond strength that it presents difficulties in the expansion of the layer 
distance and hence it does not disperse well in the polyimide. With a CEC smaller than 50 meq/100 g, the 
layered clay mineral absorbs the organic onium ion only insufficiently and hence lacks affinity for the 
polyimide. It is desirable that the layered clay mineral be crushed to a desired shape before use by means 
of a mixer, mill, mortar, and the like, to facilitate its complete dispersion. 

30 The intercalation of a layered clay mineral with organic onium ions is based on the replacement of 
exchangeable inorganic ions in the layered clay mineral by the organic onium ions. The ratio (by weight) of 
the organic onium ions to the layered clay mineral is not specifically restricted; however, the amount of the 
organic onium ions should be large enough for the complete replacement of the exchangeable inorganic 
ions. • ' 

35 The composite material of the present invention should be composed of 50-99.99 parts by weight of 
polyimide and 0.01-50 parts by weight of layered clay mineral containing organic onium ions. If the amount 
of polyimide is less than 50 parts by weight and the amount of intercalated clay mineral is more than 50 
parts by weight, the resulting composite material is poor in mechanical properties and surface smoothness. 
If the amount of intercalated clay mineral is less than 0.01 part by weight, the resulting composite material 

40 does not have improved properties. 

"Dispersion" of layered clay mineral in polyimide is defined as a state of dispersion in which the 
layered clay mineral is divided into individual unit layers at the molecular level. To be more specific, the 
state of dispersion is such that more than 50%, preferably more than 70%, of the layered clay mineral is 
dispersed without forming a mass, with individual layers or groups of less than 5 layers (on average) 

45 orienting parallel to one another or randomly or both. When the composite material is formed into a film, the 
layered clay mineral is oriented in the direction parallel to the film surface, which contributes to barrier 
properties. 

The composite material of the present invention may further include one or more optional resins such 
as polyetherether ketone, polysulfone, and polyamideimide for the control of desired physical properties. It 
so may be further incorporated with pigments and dyes, reinforcements and fillers (such as glass fiber, metal 
fiber, metal flake, and carbon fiber), heat stabilizers, antioxidants, UV light absorbers, light stabilizers, 
lubricants, plasticizers, antistatic agents, and flame retardants according to the intended use. 

The present invention is also embodied in a process for producing a polyimide composite material 
which comprises the steps of reacting a layered clay mineral with organic onium ions, thereby giving an 
55 intercalated clay mineral, adding by mixing the intercalated clay mineral to a solution of a monomer or 
prepolymer for polyimide, removing the solvent from the solution, and forming a polyimide. 

The process of the present invention starts with intercalation of a layered clay mineral with organic 
onium ions. The intercalation expands the layer distance of the layered clay mineral, thereby enabling the 
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Sral S aivenTJ 1 P ° V ° ** *" ^ betW6en ,ayers - Moreover - th * 'ayerad-clay 

Z? J T l y 6 ° rgan ' C ° n,um l0ns an affinit y for a sol "«°n of a monomer or prepolvmer for 

2Z£" £ ,h reSU,t> , the interCa ' ated day mineral is mixed we » wi * a monomer o p epo lyme o 

. ccs ^rsroX^sr there is obtained a poiyimide — ----- 

The same definitions as given earlier are also applied to those terms "layered clav minora 

ions A tvoSnm.fi! P « Pr0 ° eSS ° f Pr8parin9 a ,ayered c,a y mineral containing organic onium 

w solvent JSSLfST . 2 " 9 ' day min6ra ' with or 9 anic onium ions h« neat or mixed 

Sri ! , T ? ' methan01, ethan01 ' pr0pano1 - is °Prepanol, ethylene glycol, 1 ^-butanedkTand 
oHhem P SO ' Vent f ° r ™ nMonite is -ater. methane., or ethane,, or'a" mixture of "o or more 

.imUST?'" 9 l° J- PreS6nt invention - P ro cess should employ a protic polar solvent such as water and 

- a c 9 r zsiss^jr" the 9ood dispersion of — * ay m ^™ 

i«« m!n%n aniC K° niU T US6d in thS Present invention shou,d Preferably be an alkyl onium ion which has 
ess than 20 carbon atoms in the main chain. However, for the sufficient expansion of the .Tver d^nc of 
th^ayered Cay m.nera., it is desirab.e that the main chain of the organic onium ion l^eTaST^n 

20 The poiyimide in the present invention is produced from any dianhydride and diamine which are known 
bfohen^T 3 ^'T^ 6 - ExamP,6S ° f ,h6 dianhydride inc,ude Pyremellitic TaZZe 7* ™ 

polyamidamide, polyesteramideimide, or polyesterlmide oenvanves to give 

^Jl^jS^Zt 7" M0n " a "° Pr0dUCM " om a P^"*™* wdioh is exemplified by 

fm I h l dlSpe ™ °l the intercalated clay mineral is effected by the aid of an aprotic polar solvent which is 
commonly used for the production of poiyimide. Examples of this solvent include N.LimeSacetmide 
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ma tIS inV6nti °? "J'wT be explained with refer ence to the following examples. The poiyimide composite 

^Si^^XT^m^ vapo ; r rmeabi,ity ' oxygen permeabiiity ' and =ai S 

coemcient according to ASTM. The film prepared from the poiyimide composite material was rated as nnnrt 
or poor according to the visual inspection of the external appearance. 9 

Preparation of solution (A-1) 

e^^sTaof^Z f dd i Wa8 H P ? PaPBd by COmp,ete 'V dissolving 52.4 g of 4,4'-diaminodiphenyl 
ether ,n 516 g of d.methylacetamide and then adding to the solution 57.0 g of pyromellitic dianhydride 

Preparation of solution (A-2) 

700 n n 0, H Uti0n t h° f , POly(an !i C add) WaS prepared by com P'ete"y dissolving 28.3 g of />phenylenediamine in 
700 g of dimethylacetamide and then adding to the solution 76.9 g of Wp^teL^^'SlSSSi 

Preparation of organophilic clay (B-1) 
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In 3 liters of water was dispersed 100 g of montmorillonite (from Yamagata Prefecture) having a cation- 
exchange capacity of 119 meq/100 g. To the dispersion was added 51.2 g of 12-aminododecanoic acid and 
24.1 g of cone, hydrochloric acid (36%), followed by stirring at room temperature for 60 minutes. After 
thorough rinsing, the intercalated montmorillonite including water was separated by filtration under reduced 
s pressure using a Buchner funnel. The intercalated montmorillonite including water was freeze-dried to 
remove the water. Thus, intercalated montmorillonite containing ammonium ion of 12-aminododecanoic acid 
was given. Finally, it was dispersed in 4.5 kg of dimethylacetamide. 

Preparation of organophilic clay (B-2) 

JO 

In 3 liters of water was dispersed 100 g of montmorillonite (from Yamagata Prefecture) having a cation- 
exchange capacity of 119 meq/100 g. To the dispersion was added 44.1 g of laurylamine and 24.1 g of 
cone, hydrochloric acid (36%), followed by stirring at room temperature for 60 minutes. After thorough 
rinsing, the intercalated montmorillonite including water was separated by filtration under reduced pressure 
15 using a Buchner funnel. The intercalated montmorillonite including water was freeze-dried to remove the 
water. Thus, intercalated montmorillonite containing ammonium ion of laurylamine was given. Finally, it was 
dispersed in 4.5 kg of dimethylacetamide. 



Preparation of organophilic clay (B-3) 

20 

In 3 liters of water was dispersed 100 g of swellable mica having a cation-exchange capacity of 234 
meq/100 g. To the dispersion was added 88.2 g of laurylamine and 48.2 g of cone, hydrochloric acid (36%), 
followed by stirring at room temperature for 60 minutes. After thorough rinsing, the intercalated mica 
including water was separated by filtration under reduced pressure using a Buchner funnel. The intercalated 
25 mica including water was freeze-dried to remove the water. Thus, intercalated swellable mica containing 
ammonium ion of laurylamine was given. Finally, it was dispersed in 4.5 kg of dimethylacetamide. 



Preparation of organophilic clay (B-4) 

30 In 3 liters of water was dispersed 1 00 g of synthetic saponite having a cation-exchange capacity of 1 1 9 
meq/100 g. To the dispersion was added 44.1 g of laurylamine and 24.1 g of cone, hydrochloric acid (36%), 
followed by stirring at room temperature for 60 minutes. After thorough rinsing, the intercalated saponite 
including water was separated by filtration under reduced pressure using a Buchner funnel. The intercalated 
saponite including water was freeze-dried to remove the water. Thus, intercalated synthetic saponite 

35 containing ammonium ion of laurylamine was given. Finally, it was dispersed in 4.5 kg of 
dimethylacetamide. 



Preparation of organophilic clay (B-5) 

40 In 90 liters of water was dispersed 1.5 kg of swellable mica ("DM Clean A", made by Topy Kogyo Co., 
Ltd.), followed by standing for 24 hours. The cloudy supernatant liquid was collected. Thus there was 
obtained 100 g of swellable mica which is easily dispersible. It was dispersed in 3 liters of water. To the 
dispersion was added 88.2 g of laurylamine and 48.2 g of cone, hydrochloric acid (36%), followed by 
stirring at room temperature for 60 minutes. After thorough rinsing, the intercalated mica including water 

45 was separated by filtration under reduced pressure using a Buchner funnel. The intercalated mica including 
water was freeze-dried to remove the water. Thus, intercalated swellable mica containing ammonium ion of 
laurylamine was given. Finally, it was dispersed in 4.5 kg of dimethylacetamide. 



Examples 1 to 13 

Either of A-1 and A-2 (solution) prepared as mentioned above was combined with any one of B-1 to B-5 
(dispersion) prepared as mentioned above according to the formulation shown in Table 1. The resulting 
mixture was made into film by casting, followed by heating at 300* C for 2 hours. Thus there was obtained 
a polyimide film containing a clay mineral. 

Comparative Examples 1 and 2 



Either of A-1 and A-2 (poly(amic acid) solution) prepared as mentioned above was made into a film by 
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casting, followed by heating at 300° C for 2 hours. Thus there was obtained a polyimide film. 
Comparative Example 3 

A-1 (poly(amic acid) solution) prepared as mentioned above was incorporated with 2% montmorillonite 
without intercalation). The resulting mixture was made into film by casting, followed by heating at 300* C 
for 2 hours. Thus there was obtained a polyimide film containing plain montmorillonite. 

Evaluation of polyimide films 

™n,I h ? ?°!ZT i(i f e , mmS ° btained in Exam P |es 1 to 13 a "d Comparative Examples 1 to 3 were tested for 

frr"mmi2.i?. fT ***** P ermeabilit V h), oxygen permeability 

(cc mm/m^-24 h-atm), and thermal expansion coefficient (cm/cm- * C). The results are shown in Table 1 

It is noted from Table 1 that those films which contain a layered clay mineral have greatly improved qas 
barrier propert.es as indicated by low water vapor permeability and oxygen permeability, and also have a 
ow thermal expans.on coefficient and a good external appearance. By contrast, those films which are not 
incorporated with a layered clay mineral are poor in gas barrier properties and have a high thermal 
expansion coefftcent. The film which is incorporated with a plain clay mineral (without intercalation) is poor 
in external appearance, gas barrier properties, and thermal expansion coefficient. 



Table t 



Example 
No. 


Combination 


Mixing ratio 
A:B 


Content 
of day 
mineral 


Water 
vapor 
perme- 
ability 


Oxygen 
perme- 
ability 


Thermal 
expansion 
coeffi- 
cient 


FHm 
appear- 
ance 


1 


A-1 +B-1 


87.2:12.8 


2 


1.0 


4.4 


2.7 xlO" 6 


good 


2 


A-1+B-2 


99.3 : 0.7 


0.1 


2.1 


95 


25x10* 


good 


3 


A-1 + B-2 


81.8:18.2 


3 


0.82 


35 


2.6x10* 


good 


4 


A-1+B-2 


61.5:38.5 


8 


0.25 


1.2 


i 2.2x10* 


good 


5 


A-1+B-2 


38.8:61.2 


18 


0.03 


0.2 


i.5xi<r* 


good 


6 


A-1 + B-3 


72.5:275 


5 


051 


2.1 


2.4x10* 


good 


7 


A-1 + B-4 


81.8:18.2 


3 


0.77 


3.3 


2.6 x 10* 


good 


8 


A-2 + B-1 


90.1 : 9.9 


2 


0.92 


3.8 


1.8x10* 


good 


9 


A-2 + B-2 


77.9:22,1 


5 


0.41 


1.6 


1.6 X10" 6 


good 


10 


A-2 + B-4 


68.1 :31.9 


8 


0.19 


0.8 


1.5x10* 


good 


11 


A-1 +8-5 


99.86 : 0.14 


0.02 


2.1 


9.3 


2.8 x 10* 


good 


12 


A-2 + B-5 


98.6: 1.4 


0.2 


1.2 


4.8 


2.1 x 10* 


good 


13 


A-1 + B-5 


81.8:18.2 


3 


0.1 


0.8 


0.8 x 10* 


good 


(1) 


A-1 




0 


2.5 


10.0 


3x10* 


good 


(2) 


A-2 




0 


2.0 


8.2 


2x10* 


good 


(3) 


A-1 




2 


2.5 


9.9 


2.9 x 10* 


poor 



Comparative Examples are indicated by parenthesized numbers. 
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Claims 

1. A polyimide composite material which comprises a polyimide-containing resin and a layered clay 
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mineral which is intercalated with organic onium ions and dispersed in said polyimide. 

2. A polyimide composite material as claimed in Claim 1, wherein the organic onium ion is at least one 
selected from the group consisting of monoammonium ion, monopyridinium ion, monophosphonium 

5 ion, and monosulfonium ion. 

3. A polyimide composite material as claimed in Claim 1 or 2, wherein the organic onium ion has the main 
chain which is composed of 6 to 20 carbon atoms. 

io 4. A polyimide composite material as claimed in any of Claims 1 to 3, wherein the layered clay mineral is 
at least one selected from the group consisting of: smectite clay minerals comprising montmorillonite, 
saponite, beidellite, hectorite, and stevensite; vermiculite; halloysite; and swellable mica. 

5. A polyimide composite material as claimed in any of Claims 1 to 4, wherein the intercalated layered 
is clay mineral and the polyimide are mixed in a ratio of 0.01 to 50 parts by weight (for the former) to 50 

to 99.99 parts by weight (for the latter). 

6. A polyimide composite material as claimed in any of Claims 1 to 5, wherein the intercalated layered 
clay mineral is dispersed such that individual layers are separated from one another at the molecular 

20 level. 

7. A polyimide composite material as claimed in any of Claims 1 to 6, which further contains at least one 
component selected from the group consisting of resins other than polyimide, pigments, dyes, glass 
fiber, metal fiber, metal flake, heat stabilizers, antioxidants, UV light absorbers, light stabilizers, 

25 lubricants, plasticizers, antistatic agents, and flame retardants. 

8. A process for producing a polyimide composite material which comprises the steps of intercalating a 
layered clay mineral with organic onium ions, adding by mixing the intercalated clay mineral to a 
solution of a monomer or prepolymer for polyimide, removing the solvent, and forming a polyimide. 

30 

9. A process for producing a polyimide composite material as claimed in Claim 8, wherein the step for 
intercalation is accomplished by mixing the layered clay mineral with organic onium ions in at least one 
protic polar solvent selected from the group consisting of water, methanol, ethanol, propanol, 
isopropanol, ethylene glycol, 1 ,4-butanediol, and glycerin. 

35 

10. A process for producing a polyimide composite material as claimed in Claim 8 or 9, wherein said 
solution is a solution of poly(amic acid). 

11. A process for producing a polyimide composite material as claimed in Claim 8, wherein the mixing of 
40 the intercalated clay mineral with a monomer or prepolymer for polyimide is accomplished in at least 

one aprotic polar solvent selected from the group consisting of N,N-dimethylacetamide, N-methylpyr- 
rolidone, N,N-dimethylformamide, and 1,3-dimethylimidazolidinone. 
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